This paper demonstrated the utilization of fuzzy logic in the selection of factors that influence stability of carbon resin electrode during electrochemical treatment of water and wastewaters. Carbon resin electrodes were developed from used dry cell and resin using non-heat treated technique. A fuzzy model was the developed to relate the input (particle size of the powdered carbon, percentage of resin used, compressive press and current through the electrode) and output (stability of the electrode) variables. Results of the factorial experiments were used to train developed fuzzy model. Performance of the proposed model was compared with respect to the actual stabilities and statistical model using model of selection criterion (MSC), absolute error (absErr), total error (err), mean error (MnErr), error (Err), correlation coefficient (CD) and relative error.
INTRODUCTION
Acceptance or rejection of any wastewater treatment process depends primarily on the efficacy of the system to remove harmful and toxic pollutants. Electrochemical treatment of industrial and domestic wastewaters has been used in recent times to remove these pollutants. It has been used for removal of colour and organic matter from biologically treated coffee curing wastewater [1] ; degradation of bromopyrogallol red in presence of cobalt ions [2] ; treating domestic wastewaters in relation to pH [3] ; removal of chromium hexavalent from rinsing chromating wastewaters [4] ; industrial wastewater treatment [5] ; oxidation of a textile dye wastewater [6] ; removal of chloride; treatment of vinasse from beet molasses [7] ; denitrification and neutralization treatment by direct feeding of an acidic wastewater containing copper ion and high-strength nitrate [8;9] .
Efficacies of electrochemical treatment of water and wastewaters are functions of electrodes used and many other parameters. This has led to development and testing of several electrodes such as [10; 11] :
• Ti/IrO 2 and Ti/SnO 2 electrodes [12] ;
• Ti/Pt/ Ir [13] ;
• TiO 2 /RuO 2 [14; 15] ;
• Dimensional stable anode [16] ;
• Fe /Al [17] ;
• Ru, Sn, Sb, Ti and Gd [18] and • PbO 2 , RuO 2 and SnO 2 [19] . All these electrodes were found to be effective in removing selected pollutants from water and wastewaters electrochemically. These previous studies describe the roles of electrodes (anode and cathode) on the efficacy of the treatment process. Many other electrodes have been used namely aluminum, iron/ steel, titanium oxides and titanium-based boron-doped diamond film electrodes but they are limited by factors such as stability against chloride attack, high technology requirement, high cost of production, effect of the end product on the environment, availability and durability, which incapacitate application of electrochemical treatment process in wastewater purifications in developing countries where environmental pollution is at increase and environmental pollution control is at the lowest level. The advantages of carbon electrodes over other electrodes in electrochemical treatment of water and wastewaters are electroadsorption, electrooxidation, electroflotation, electroosmosis applications during treatment.
However, determinations of factors that influence efficacies of these electrodes had been determined, but little is known of the determination of significant factors that influence stabilities (efficacies) of these electrodes using fuzzy model. With advancement in technology and development of various systems, there is a need to utilize fuzzy model in the determination of factors that influence efficacies of these electrodes to aid production economically and to enhance effectiveness of carbon resin electrodes. This paper developed and evaluated a fuzzy model for the determination of factors that influence efficacies of carbon resin electrode particular attention to accuracy using statistical techniques.
MATERIALS AND METHOD
Used dry cells (size D) were collected, sectioned and carbon rods in them were removed. The carbon rods were crushed, powdered and sieved into different particle sizes (using British Standard sieve). Known masses of powdered carbon were mixed with known masses of an organic binder (epoxy-resin), transferred into extruder and moulded into a 2.5 centimetre diameter and 10 centimetre long carbon-resin electrodes using a locally developed plunger and an hydraulic compaction equipment. Developed carbon resin electrodes were subjected to stability tests in a rectangular reactor using synthetic wastewaters (chloride solution, prepared by dissolving 13000 mg/l of chloride in distilled water). Various physical properties (stability; wetness, hygroscopic, moisture content etc) of the carbon resin electrodes were determined using standard techniques [9; 20; 21] . The responses (stability) of the electrodes were determined using equation (1) .
A neuro-fuzzy approach was developed to relate the input (particle size of carbon, current flow, percentage binder used and compressive pressure) and output (stability of the electrode when in use) variables using Mamdani technique. Rules for fuzzy model using R2009a Windows Default Set were formulated (Figure 1 ). In the fuzzy model, percentage of the binder used, particle size of carbon, current through the electrode and the compressive pressure variables were initially assigned two Gaussian membership functions (MFs) with equal base widths. Then each parameter of the membership functions in the premise part of fuzzy IF-THEN rules which is related to the shapes of the membership function is set to an appropriate value to match the output data of the training set by using the back propagation algorithm [22] . Finally it was concluded that particle size of carbon, current flow, percentage binder used and compressive pressure variables have different shapes of Gaussian MFs. The finalized input MFs of the most suitable model after the iterations were shown in Figure 2 consisting of ''Low" and ''High" fuzzy subsets. The number of membership functions was determined by trial and error procedure. The increment of the number not only provides any significant improvement in the results, but also increases the number of parameters to be optimized. Because of that, the number of membership functions kept in minimum number. The output of the model (stability of carbon resin electrode) was combined to premise part input variables by rules and consequent part linear functions. Since each input variables are partitioned into two MFs, the total number of fuzzy rules governing the system were sixteen. Figure 2d (i and ii) illustrates application of fuzzy inference system. Every rule in the rule base was triggered for given values. Since each rule has more than one membership degrees, fuzzy prod operator was applied to obtain one value that can be used as a weight of rule. The fuzzy prod operator simply calculates the value by multiplying membership degrees of the each fuzzy subsets in premise part and fuzzy operation for this rule is complete. Results of the factorial experiments were used to train the developed fuzzy model. The performance of the proposed model was compared with respect to the actual stabilities and statistical model using absolute error (absErr), total error (err), mean error (MnErr), error (Err), correlation coefficient (R 2 ) and relative error.
RESULTS AND DISCUSSION
Results of the study were divided into three categories which are (i) quantifying the rules; (ii) weighted coefficients and (iii) statistical evaluations.
Quantifying the rules and weighted coefficients
The data points obtained were used to train and evaluate the proposed fuzzy model. Randomly selected data were used for the validation. Özger and Yıldırım [22] ; Yıldırım and Özger [23] studied utilization of fuzzy logic for pipe network and it was reported that fuzzy model is a data driven model, scaling of the input and output variables affects the results considerably. Table 1 includes the details of sample inference system. Weighted average of the implication of the each rule is calculated as indicated in the bottom of the (Figures 3a to 3d ) the models (fuzzy and statistical models) predicted the actual stability of the electrodes in the same way. The predictions are similar, but fuzzy model predictions are better than predictions from statistical model. In all cases (Figure 3 ) fuzzy predictions follow the same pattern as actual stability with respect to the experiment number, while statistical models have no specific pattern
3.2
Estimated stability of the electrode using the model and Statistical evaluations Table 3 illustrates a systematic comparison of proposed fuzzy model and actual model. Accuracy of the proposed fuzzy model to determine the stability of carbon resin electrode was evaluated using error properties given as absolute error, total error, mean error, relative error and model of selection criterion as follows:
Model of selection criterion
The model of selection criterion (MSC) is interpreted as the proportion of expected data variation that can be explained by the obtained data. The higher the value of MSC, the higher the accuracy, validity and the good fitness of the method. MSC can be computed using equation (2) 
3.2.2
Total error The lower the value of total error the higher the accuracy, validity and good fitness of the method. Total error (Err 2 ) can be computed using equation (3) 
3.2.3
Absolute error The lower the value of absolute error the higher the accuracy, validity and good fitness of the method. Absolute error (AbErr) can be computed using equation (4) 
3.2.4
Mean error The lower the value of mean error the higher the accuracy, validity and good fitness of the method. Mean error (MnErr) can be computed using equation (5) 
3.2.5
Mean squared error The lower the value of error the higher the accuracy, validity and good fitness of the method. Error (Err) can be computed using equation (6) 
Coefficient of determination (CD)
The coefficient of determination (CD) can be interpreted as the proportion of expected data variation that can be explained by the obtained data. Higher values of CD indicate higher accuracy, validity and good fitness of the device. CD can be expressed as follows: 
Relative Error:
The lower the value of mean error the higher the accuracy, validity and good fitness of the method. Relative error (RelErr) can be computed using equation (8) 100 Re (8) These values of statistical evaluation (Table 3) revealed that the degree of accuracy of the proposed fuzzy model is compared favourably with respect to those of the conventional procedures in the specialized literature. From the table (statistical evaluation of the these two models) fuzzy model predicted actual stability of the electrode better than statistical model based on lower errors and higher values of CD and MSC. This indicates that based on accuracy, time availability and cost wise fuzzy model is preferable to statistical model.
CONCLUSION
In this study, the accuracy of fuzzy computing technique was examined to determine the factors that influence stability of carbon resin electrodes. The performance of the proposed model was compared with those of the factorial experiments, for a wide range of factors. The comparison examination was conducted using some statistical parameters for error estimation and selection priority. The degree of accuracy of the proposed fuzzy model is compared favourably with respect to those of the conventional procedures in the specialized literature. The study revealed that the proposed model can be used with the highest degree of accuracy to identify the factors that influence stability of carbon resin electrodes in comparison with the previous models.
